optimal Salmonella infection. Too little inflammation reduces the ability of Salmonella to compete with the intestinal microbiota, whereas too much inflammation might result in the bacteria being killed by the host [7] [8] [9] . The dual RNA-seq approach of simultaneously interrogating the bacteria and host transcriptomes gives unprecedented insight into the dynamic RNA-expression landscape during the bacterium-host interaction. This method is particularly useful for analysing genes such as pinT that, when deleted, cause little or no detectable change in standard bacterial virulence assays, but nevertheless have a strong impact on mRNA levels. The authors' study of PinT, however, also demonstrates some of the ongoing challenges in studying bacterium-host interactions. For example, although the effect of PinT on host gene expression such as JAK-STAT signalling is interesting, it remains unclear which PinTcontrolled bacterial gene(s) are responsible. In addition, it has become evident that there is substantial variation in gene expression even between individual bacteria in singlespecies cultures; these differences are not captured by approaches in which cell samples are sequenced in bulk.
Finally, although dual RNA-seq eliminates the need to separate bacteria from the host cell for investigation, a comprehensive transcriptome analysis over the course of an infection still demands the analysis of a series of time points in short succession. This article was published online on 20 January 2016.
ince the discovery of the first globular cluster in 1665, these large, ancient agglomerates of stars -which can host up to a million suns -have fascinated both astronomers and the public. They are visible through small telescopes, and their exquisite spherical symmetry singles them out in the sky and makes them easy to classify. However, their formation and evolution history is unclear. On page 502 of this issue, Li et al. 1 report observations of young star clusters that may help to crack the mystery of the oldest star clusters.
Globular clusters remain gravitationally bound as they orbit their host galaxy, on a timescale comparable to the lifetime of the low-mass stars they host. They are 10 billion to 13 billion years old -their age defines the boundaries of the age of the Universe. These well-studied systems were long thought to be simple and to host a single population of stars that all formed at the same time.
But in 2004, everything we knew about globular clusters changed radically. Using accurate Hubble Space Telescope photo metry 2, 3 , astronomers detected not one, but multiple stellar populations in ω Centauri, one of the most massive globular clusters in the Milky Way. Subsequent studies (see ref. 4 , for example) of other globular clusters confirmed that this was not an isolated finding but the discovery of a general feature that revolutionized our understanding of such objects. These stellar populations were shown to exhibit unique chemical properties that are not found in any other stellar environment 5 . This means that these clusters are not simple at all, and have experienced more than one star-forming event during their lifetime.
The exciting news 2,3 inspired different starformation models to account for the photometric and spectroscopic properties of the different populations hosted by single clusters. For example, colliding winds from late-stage, medium-mass stars or ejecta from fast-rotating massive stars were invoked as a trigger and/ or an origin of the processed material that fuelled the second generation of star formation. Astronomers also proposed an explanation based on a single generation of stars. They suggested that very-low-mass stars with protoplanetary disks -gas rotating around newly formed stars -could acquire the observed properties by sweeping up mater ial shed from interacting binary or rapidly rotating massive stars in a continual growth process.
However, most of these theories suffer from major issues 6 . Some of them imply a more massive original cluster than observed, with a substantial fraction of the original stars lost to the galactic halo. But this enhanced mass is in contrast to theoretical expectations for the dynamical evolution of these systems 7 and to observations of dwarf galaxies and of young massive clusters in our Local Group of galaxies 8 . The consensus in the community is that we urgently need alternative, innovative ideas to overcome the impasse.
Enter Li and colleagues 1 . The authors challenge the status quo by presenting observations of three massive clusters that are 1 billion to 2 billion years old in the Magellanic Clouds, members of our Local Group. The authors show clear evidence of a late burst of star formation that occurred a few hundred million (up to one billion, within the errors) years after the clusters' initial formation epoch. Multiple stellar population sequences are visible even in the authors' raw diagrams. The colours of the younger stellar sequences are consistent with an enhanced abundance of helium. This would be expected as a result of the chemical anomalies in globular clusters that are due to hydrogen burning at high temperature (helium is the main yield of hydrogen burning).
To explain the data, Li et al. propose that such clusters orbiting within the gaseous disks of their host galaxies could accrete sufficient gas reservoirs to form the next generation of stars. They suggest that this mechanism may
STELLAR ASTROPHYSICS

The mystery of globular clusters
The discovery of multiple stellar populations -formed at different times -in several young star clusters adds to the debate on the nature and origin of such populations in globular clusters from the early Universe. See Letter p.502
A I M A N S . S A A B & K L A U S -A R M I N N AV E
N ormal brain function requires the rapid transmission of information between brain regions along neuronal projections called axons. The ability of axons to conduct information depends on the well-being of a supporting class of glial cells called oligodendrocytes 1 , which speed up conduction by enveloping the axonal projections in a multi layered membrane sheath called myelin. Damage to oligodendrocytes and the myelin sheaths that they produce has been associated with axonal dysfunction in numerous disorders, including cerebral palsy, spinal-cord injury, multiple sclerosis and stroke. In this issue, Hamilton et al. 2 (page 523) report that the mechanisms that underlie this damage are more complex than commonly thought and involve the activation of a channel protein called TRPA1.
During a stroke, the local loss of blood flow in the brain, known as ischaemia, causes damage to neurons and glial cells, including oligodendrocytes. Even transient ischaemia causes permanent defects in axonal conductivity that can be only partially restored when the supply of oxygen and glucose to the tissue is re-established 3 . Ischaemia causes the release of the neurotransmitter molecule glutamate, which excites oligodendrocytes. Some evidence [3] [4] [5] indicates that blocking glutamatereceptor proteins reduces myelin damage and axon dysfunction during ischaemia. AMPA/ kainate-type and NMDA-type glutamate receptors are ion-channel proteins that, when activated, allow positively charged ions such as sodium (Na + ) and calcium (Ca 2+ ) to flow into the cell. High levels of Ca 2+ are toxic to cells, and so the death of oligodendrocytes and injury to myelin sheaths during ischaemia are widely thought to reflect the overactivation of these glutamate receptors [5] [6] [7] -the same mechanism by which ischaemia damages neurons.
Hamilton et al. revisited this issue in brain slices from the rat cerebellum. They found evidence that, in the cerebellar white matter (a tissue that contains a high density of myelinated axons) deprivation of oxygen and glucose -a model of ischaemia-evoked oligodendrocyte and myelin damage -might not result in glutamate-receptor overactivation alone. First, the authors characterized ischaemia-evoked membrane currents in oligodendrocytes and monitored the corresponding intracellular changes in Ca 2+ , Na + , potassium ions (K + ) and magnesium ions. Strikingly, although oxygen and glucose deprivation did cause an inward flow of ions in oligodendrocytes that was mediated by glutamate release, this current flow seemed to be triggered by an increase in extracellular K + concentration and closure of K + -channel proteins, rather than by glutamate receptors.
Similar to an earlier report 5 , Hamilton and colleagues found that ischaemia led to an increase in intracellular Ca 2+ levels in oligodendrocytes and their axon-ensheathing processes. However, inhibition of NMDA and AMPA/kainate receptors did not prevent Ca 2+ influx. These data suggest that glutamate receptors are not the primary channels responsible for the ischaemia-evoked elevations of Ca 2+ concentrations that cause myelin damage. Next, the authors demonstrated that the ischaemia-evoked elevation of extracellular K + levels leads to increased hydrogen-ion levels (acidification) in oligodendrocytes that in turn triggers Ca 2+ influx (Fig. 1 ). By increasing local intracellular H + levels in oligodendrocytes and measuring intracellular Ca 2+ changes, Hamilton et al. investigated which other channels might contribute to ischaemiaevoked Ca 2+ influx. After taking into account the known physiological properties of different ion-channel proteins and testing the effects of channel stimulators and inhibitors, the authors concluded that the channel responsible is TRPA1 -a widely expressed member of the family of transient receptor potential (TRP) channels (Fig. 1) . Activation of TRPA1 channels allows Ca 2+ , Mg 2+ and Na + to enter the cell. In line with Hamilton and colleagues' conclusion, ischaemia-triggered Ca 2+ entry was considerably reduced in white-matter cerebellum slices from mice in which TRPA1 had been deleted. However, the authors did not test the in vivo effects of ischaemia on white matter in these mice. Instead, using isolated optic nerves
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A mechanism for myelin injury
The cells that insulate neuronal processes with a myelin membrane sheath are damaged during stroke. Data now show that an influx of calcium ions mediated by the TRPA1 protein contributes to myelin injury. See Letter p.523 account for the ubiquitous multiple stellar populations in globular clusters, assuming that the observed massive young star clusters in the Magellanic Clouds are the modern counterparts of the old globular clusters. It is a plausible working hypothesis, but not a consensus view: some astronomers think that the formation mechanism of young massive star clusters in our neighbouring galaxies might be different from the globular-cluster formation that occurred in the early Universe. The link between young and old clusters has yet to be fully established. The determination of whether the chemical properties of the youngest stars in the Magellanic clusters are similar to those of globular-cluster stars will eventually address the issue.
Li and colleagues may not yet have all the answers needed to put the proposed general model on a firm quantitative footing. For example, the mass in the younger observed population sequence is much smaller than that typically observed in globular clusters. There is no explanation given for the origin of the additional helium that is claimed to be present in the youngest stars, nor for the fact that the accreted material must have the same metal content as the original protocluster, even though the host galaxies might have evolved chemically between the distinct star-formation events. (By 'metal' , astronomers mean any element after helium in the periodic table.) Nevertheless, the findings present an innovative approach that deserves further attention. It will certainly advance the on going debate, as well as trigger original thoughts, future observations and corresponding interpretations. And it could lead to a final, robust explanation in the not too distant futurean example of how scientific debate works at its best. ■
